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2Abstract
Rab proteins are pivotal components of the membrane trafficking machinery in all
eukaryotes.  Distinct Rab proteins locate to specific endomembrane compartments
and genomic studies suggest that Rab gene diversity correlates with endomembrane
system complexity; for example unicellular organisms generally possess 5-20 Rab
family members and the size of the repertoire increases to 25-60 in multicellular
systems.  Here we report 65 open reading frames from the unicellular protozoan T.
vaginalis that encode distinct Rab proteins (TvRabs), indicating a family with
complexity that rivals Homo sapiens in number. The detection of gene transcripts for
the majority of these genes and conservation of functional motifs strongly suggests
that TvRabs retain functionality and likely roles in membrane trafficking. The T.
vaginalis Rab family includes orthologues of the conserved subfamilies, Rab1, Rab5,
Rab6, Rab7 and Rab11, but the majority of TvRabs are not represented by
orthologues in other systems and includes six novel T. vaginalis specific Rab
subfamilies (A-F).  The extreme size of the T. vaginalis Rab family, the presence of
novel subfamilies plus the divergent nature of many TvRab sequences suggest both
the presence of a highly complex endomembrane system within Trichomonas and
potentially novel Rab functionality. A family of more than 65 Rab genes in a
unicellular genome is unexpected, but may be a requirement for progression though
an amoeboid life-cycle phase as both Dictyostelium discoideum and Entamoeba
histolytica share with T. vaginalis both an amoeboid life cycle stage and very large
Rab gene families.
31. Introduction
The Rab family of small GTPase proteins are central components of
membrane trafficking in eukaryotes and act at multiple stages of intracellular
transport processes [1].  Within a given cell type specific Rab proteins locate to
distinct membrane trafficking sub-compartments and Rab diversity is often regarded
as an expression of membrane trafficking complexity [2].
Unicellular eukaryotes with completed genomes encode between five and 20
Rab proteins, including a set of five core Rabs required for the basic functions of
exocytosis and endocytosis; specifically Rab1, Rab5, Rab6, Rab7 and Rab11 [3].
Rab1 is essential for endoplasmic reticulum to Golgi transport, Rab6 functions in
intra-Golgi traffic, Rab5 is key to endocytosis, Rab7 functions at late endosome/
lysosomes and Rab11 plays a vital role at recycling endosomes [1].  Additional Rab
sequences are associated with greater complexity within the endomembrane system
e.g. multiple Rab5 isoforms [4] or with tissue complexity where tissue-specific
functions are required, e.g. Rab3A function in neuronal exocytosis [5]. Thus, the
multicellular organisms Caenorhabditis elegans and Drosophila melanogaster have
29 Rabs, and humans, with even greater tissue diversity, encode more than 60 Rab
proteins in their genome [3].
Rabs are a monophyletic clade of the Ras-like small GTPase protein super-
family which function as 'molecular switches', regulating key steps in membrane
trafficking including vesicle formation, vesicle motility, membrane remodelling,
vesicle docking and membrane fusion [1-3, 6].  In common with all GTPases, Rab
proteins possess conserved G-block sequence motifs involved in GTP/GDP binding
and GTP hydrolysis [7] and can be distinguished by their typical C-terminal
prenylation motifs (CCxxx, CCxx, xCCx, xxCC or xCxC ) involved in targeting to
4membranes [8].  Detailed comparative sequence analysis has revealed diagnostic Rab
specific regions (RabF) highly conserved in Rab proteins (RabF1: IGVDF, RabF2:
KLQIW, RabF3: RFRSIT, RabF4: YYRGA and RabF5: LVYDIT) [3, 8].  Early in
eukaryotic evolution the Rab protein family diversified into Rab subfamilies (e.g.
Rab1 and Rab11) represented in diverse eukaryotes such as humans and Trypanosoma
brucei [3, 9].  Rab subfamily orthologues from different species locate at equivalent
membrane trafficking compartments, performing similar functions and are often
functionally complementary [1, 10].  Rab subfamily orthologues are thought to bind
similar effector and regulator proteins in the Rab subfamily specific sequence regions
(RabSF) [3, 11].  In an individual species a Rab subfamily may be represented by
closely related isoforms e.g. T. brucei TbRab5a and TbRab5b which are involved in
the same overriding process of endocytosis but carry distinct transport cargo [12].
Trichomonas vaginalis is a protozoan parasite infecting 200 million people
worldwide [13], and is one of the most common sexually transmitted pathogens.  T.
vaginalis lacks a true mitochondrion and thus is an important model system to study
eukaryote origins and diversification.  For decades it was considered a member of an
early branching primitive amitochondriate group [14] but at least some more recent
molecular phylogenetic and cell biology investigations are consistent with the
hypothesis that T. vaginalis previously possessed mitochondria [15]. However, the
phylogenetic position of T. vaginalis in the eukaryotic tree remains unclear.  T.
vaginalis infection is linked to a higher susceptibility to HIV infection and cervical
cancer in women [13]. Upon contact with host tissue T. vaginalis dramatically
transforms from a free-swimming trophozoite to an adherent amoeba, which is key to
establishment of infection in the vagina and subsequent pathogenesis [16, 17].
Membrane trafficking processes, such as those orchestrating secretion of cysteine
5proteases and perforins [17], display of cell surface adhesins [13] and endocytosis of
host proteins [16] or HIV particles [18], all contribute to the complex pathogenesis of
T. vaginalis, but virtually nothing is known about their underlying molecular cell
biology [16]. To initiate the molecular characterization of components regulating
membrane trafficking in the protozoan Trichomonas vaginalis we investigated its Rab
gene family repertoire in an expressed sequence tag (EST) database, 5’RACE clones
and the ongoing T. vaginalis genome sequencing project [19].
2. Materials and methods
2.1. Isolation of putative T. vaginalis Rabs genes
Putative Rab genes were identified from a T. vaginalis (G3 strain) Expressed
Sequence Tag (EST) gene survey with BLASTX [20].  Additional putative TvRabs
were isolated using 5' RACE (MARATHON-RACE kit, Clontech) with two
degenerate primers to the highly conserved GTP binding region WDTAGQE (5'-
GGCGGCGGATCCTC[T/C]TGICCIGCIGT[A/G]TCCCA-3' and 5'-
GGCGGCGGATCCTC[T/C]TG[A/T]CCAGCNGTATCCCA-3') [21]. Amplicons of
the expected size were cloned into pGEM-T easy vector (Promega) followed by
sequencing and BLAST analysis. Preliminary genomic sequence data was obtained
from The Institute for Genomic Research through the website at http://www.tigr.org
to complement cDNA derived sequences.  Genome searches were conducted of 7.2x
T. vaginalis genome coverage of sequence data assembled 01/04/05.
2.2. Master Rab protein alignment construction and phylogenetic analyses
DNA sequences were conceptually translated into proteins using BioEdit
sequence alignment editor 5.0.9 [22].  Rab sequences were included from
6Trypanosoma brucei [4], Caenorhabditis elegans [3], Encephalitozoon cuniculi [23],
Plasmodium falciparum  [24] Entamoeba histolytica [25], Dictyostelium discoideum
[26], Giardia lamblia [27] and Saccharomyces pombe [3].  Additional Rab sequences
for Tetrahymena thermophila were downloaded from TIGR http://www.tigr.org
respectively.  GTPase sequences from several additional taxa were obtained from
NCBI (http://www.ncbi.nlm.nih.gov/).  Protein sequences were aligned using
CLUSTALW [28] and further manual adjustments were made in SEAVIEW [29].
Positions that could not be unambiguously aligned were excluded from the
phylogenetic analyses using the SEAVIEW masking option, reducing the alignment
to 161 aligned positions for analysed.
The WAG evolutionary model was deemed best fit using Tree Puzzle
(http://www.tree-puzzle.de/) and was used in Bayesian analysis with MrBayes
V3.0B4  [30].  The Metropolis-coupled MCMC (MCMCMC) was used with four
chains with estimated discrete gamma-distributed among-site rate variation with four
categories and fraction of invariant sites. 2,000,000 generations were run, every 2000
tree kept and the first 250 samples were discarded for calculation of the consensus
trees, well within the region of the MCMCMC run where all parameters values
stabilized.  Each analysis was conducted at least twice. Putative T. vaginalis Rab
protein sequences were initially compared to representatives of Rab, Ran, Ras and
Rho/Rop from human, yeast and Arabidopsis, making up a total of 98 sequences. In
the dataset used to compare a broader sampling of human, yeast, plant and T.
vaginalis Rabs, 114 sequences were aligned.  A more restricted sampling or Rab
subfamilies focusing on Rab1, Rab5, Rab6, Rab7 and Rab11 from a more diverse
range of taxa were also analysed, making up a dataset of 51 sequences.
72.3. Molecular modelling
Amino acid sequences from human Rab5a and members of the TvRabA1-6,
TvRabC1-9, TvRabD1-8 and TvRab5a-d clades were extracted from the master
alignment and all irrelevant gaps removed. Conserved regions of each Trichomonas
clade were mapped onto a three dimensional model of HsRab5a [31] (PDB accession:
1TU3, the closest Rab family member as defined by Blast score to TvRab5, TvRabC
and TvRabD that has been solved structurally) with the following colour scheme: red;
fully conserved in all sequences, yellow; conserved in > 50% of sequences. Non-
conserved positions were designated white. The locations of protein-protein
interactions were determined from co-ordinates from PDB for various Rab
homologues and binding partners. Comparative models were constructed with the
Swiss PDB-Viewer molecular graphics program [32], which was also used for
manipulation and display.
3. Results
3.1. Identification of 65 T. vaginalis Rab genes
A total of 65 putative T. vaginalis Rab encoding genes (TvRabs) were
identified by BLAST from one of three sources; an EST project (37 distinct
sequences), 5' rapid amplification of cDNA ends (RACE) cloning (8 distinct
sequences) or searches of the T. vaginalis genome sequencing project at The Institute
for Genomic Research (TIGR) (all genes corresponding to the partial EST and RACE
clones plus 20 sequences distinct from cDNA derived entries) (Table S1).  For all
TvRab sequences we identify full-length ORF (Table S1).
Five sequence-dependent features were used to establish the Rab status of the
putative Trichomonas proteins and their likely functionality. Firstly, all sequences
8recovered as top hits Rab proteins (BLASTP) and Rab position specific scoring
matrices (PSSM) (RPS-BLAST [33]), clearly differentiating them from all other small
GTPases PSSM (Table S1). Secondly, all but two putative TvRab sequences possess
the distinctive Rab double-cysteine prenylation motif at the C terminus [8]. It is worth
noting however, that the absence of a C-terminal prenylation motif has previously
been observed, albeit rarely, in Rab proteins in other species [4, 8]. Thirdly, previous
analysis of small GTPases from Saccharomyces cerevisiae [10] and Arabidopsis
thaliana [34] have recovered Rab proteins as monophyletic and we find all of the
TvRab sequences to be monophyletic with reference Rab sequences (Fig. S1).
Fourthly, 70% of TvRabs demonstrate over 50% identity to previously defined
diagnostic Rab specific sequence motifs (RabF) [8] (Table S1). Finally, all of the
TvRabs possess conserved GTPase functional motifs including the residues in the G-
domains important for GTP/Mg++ binding and GTP hydrolysis (see Fig. 3 and S2 for
a subset of these). Further, 45 of the genes are transcribed, as determined from EST or
RACE cloning. Taken together these criteria are strong evidence that these
Trichomonas GTPases are members of the Rab family and likely to be functional.
Given that the T. vaginalis genome has not been fully sequenced and assembled, it is
possible that the TvRab family contains even more members than identified here.
With at least 65 members, the size of the T. vaginalis Rab repertoire is extraordinary
for a unicellular organism (Table 1).
3.2. Identification of T. vaginalis orthologues of known Rab subfamilies
A large phylogenetic analysis was performed to explore the relationships
between T. vaginalis Rab and a reference set of experimentally characterised Rab
proteins from human, S. cerevisiae and A. thaliana (Fig. 1).  These analyses excluded
9the most divergent T. vaginalis Rab, TvRabX6, which position within the Rab tree
was the unstable probably due to its very long branch (Fig. S1). In addition, clustering
of some of the TvRab sequences with subfamily members of the reference set allowed
assignment of subfamily status for a minority of TvRabs (Fig. 1). Fourteen TvRab
could be assigned to previously functionally characterized Rab subfamilies [8],
including TvRab1 (three isoforms), TvRab5 (four isoforms), TvRab6 (two isoforms),
TvRab7 (three isoforms) and TvRab11 (two isoforms). Phylogenies including broader
subfamily taxa sampling and conservation of subfamily specific sequence motifs
(RabSF) [8] further confirmed these assignments (Fig. 2 and Fig. 3). The posterior
probabilities (PP) supporting the TvRab sequences clustering with the Rab5 clade are
low in the large phylogenetic analyses but this relationship is consistently recovered
in the different analyses (Fig. 1, S1 and data not shown). In contrast PP are maximal
for this clade in the more restricted analyses focusing exclusively on the Rab1, 5, 6, 7
and 11 clades (Fig. 2), probably due to the removal of the many divergent sequences
present in the broader analyses that are likely to cause long branch attraction artefacts
(Fig. 1 and S1).  Moreover, these TvRab conserve Rab5 specific motifs, highlighted
in Fig. 3, 4 and S2 [37], strongly implicating them as new members of the Rab5
subfamily.  Interestingly, members of the Rab7 subfamily possess a distinctive four
residue insert located in the RabSF3 region, loop L7 [38], which is also shared by all
three T. vaginalis sequences that clustered into the Rab7 clade (Fig. 3). The C-
terminal xCxC prenylation motif is conserved between Rab6 subfamily members
from human, yeast and T. vaginalis, consistent with assignment as authentic Rab6
subfamily members.  Overall, these data allow the assignment of 21% of the TvRab
sequences to previously described Rab subfamilies.
Pair-wise comparisons of aligned subfamily sequences showed that TvRab1a-c share
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on average 51% sequence identity and TvRab5a-d, TvRab7a-c, TvRab6a-b and
TvRab11a-b, share average identities of 46%, 52%, 38% and 81% respectively.
Therefore T. vaginalis Rab subfamily members exhibit greater sequence variation
than H. sapiens Rab5a-c and A. thaliana RabA1A-I, which share 84% and 71%
sequence identity respectively. T. vaginalis subfamily isoform sequence variation is
also clearly visible in the differences in branch lengths in the phylogenetic trees (Fig.
1,  2, and S1). Overall, the considerable sequence divergence exhibited by TvRab
subfamily members suggests similar, but non-redundant functionality. Significantly,
we identity T. vaginalis orthologues from five Rab subfamilies that are common to all
eukaryotes corresponding to the functional classes I, II, V, VI and VII defined by
Pereira-Leal and Seabra [3].
3.3. Identification and characterisation of T. vaginalis specific Rab subfamilies
A majority of the T. vaginalis Rab sequences exhibited no clear relationship to
previously known Rab sequences, including Rabs from divergent unicellular
organisms, i.e. Trypanosoma brucei, Plasmodium falciparum, Encephalitozoon
cunicli, Giardia lamblia, Neurospora crassa, Entamoeba histolytica or Dictyostelium
discoideum (data not shown).
Approximately half of the TvRab sequences fell into six T. vaginalis specific
Rab clades. Individual sequences within these clades have no orthologues in other
species and hence these were named TvRabA-F (Fig. 1 and S1).  Individual T.
vaginalis spepcific Rab were clades consistently recovered in all analyses and with
high PP support, confirming their robustness (Fig. 1 and Fig. S1). These sequences
are bona fide Rabs as defined by the criteria above, and hence T. vaginalis encodes a
considerable number of novel Rab proteins.
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Similar to the T. vaginalis Rabs that correspond to previously known Rab
isoforms, the T. vaginalis specific Rab subfamilies are also present as multiple
isoforms.  Subfamily TvRabA includes six isoforms, subfamilies TvRabB, TvRabC,
TvRabD, TvRabE and TvRabF have four, nine, eight, two and three isoforms
respectively. Pair-wise comparison of sequences within TvRab subfamilies
demonstrated that the TvRabB and TvRabF subfamily members show the most intra-
subfamily mean diversity with 39% sequence identity, whilst TvRabA (49%),
TvRabC (53%), TvRabD (58%) and TvRabE (58%) subfamilies show the least
variation. Therefore, T. vaginalis intra-subfamily sequence variation is within the
range exhibited by other subfamilies, both in T. vaginalis and in other species.  As
expected the TvRabs showed less sequence mean identity between the subfamilies
(34%) than within them (50%).  Sequence variability is graphically visible in the
variation in branch lengths in the phylogenetic analysis (Fig. 1 and S1).
 To potentially gain additional insight into the functionality of the most
abundant Trichomonas specific subfamilies (TvRabA, C and D), areas of sequence
conservation shared by these subfamily members were mapped on to the surface of
human Rab5a protein structural data bound to its effector rabaptin5 [31] (Fig. 4).
Rab5 are the most similar Rab to TvRabD and TvRabC sequences and they share two
motifs in the Switch I and II regions, TIGAAF and LAPM (Fig. 3, 4 and S2). The
later is considered as a Rab5 specific sequence features [37]. Hence we also used
TvRab5a-d sequences for comparisons. The face corresponding to the Rab5 effector
rabaptin5-binding site, which greatly overlap with the GDI binding site [31], shows
the least variation within subfamily members (indicated in red and yellow in Fig. 4).
In contrast, the opposite region of this face shows the least amount of conservation
within subfamilies and also the largest differences in the position of the few
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conserved patches (data not shown). The polarity profiles on modelled individual
sequences also indicate that the TvRab5 sequences are the most similar to human
Rab5a (Fig. 4), as expected from their phylogenetic positions (Fig. 1 and 2). In
contrast TvRabA sequences show least similarity with in particular a negatively
charged patch where TvRabC, TvRabD and TvRab5 subfamilies show an overall less
polar face surrounded by three positively charged “hot spots” shared between
TvbRab5 and HsRab5 (Fig. 4). Thus, this suggests that functional selection applies to
similar regions of these proteins overall, but subfamily specific functional pressures
(leading to different evolutionary patterns) also apply, consistent with different
functionality.
3.4. Identification of 19 T. vaginalis specific orphan Rabs
A further 19 T. vaginalis Rab sequences did not cluster into subfamilies with
either previously defined Rab clades or the TvRabA-F Rab clades (Fig. 1).   Whilst
retaining Rab defining features (prenylation motifs, clustering with Rabs in
phylogenies and possessing conserved RabF motifs) these TvRab ‘orphans’ are more
divergent than the core or TvRabA-F subfamily members, sharing only 28% average
sequence identity in pair-wise comparisons. Hence there is a further large set of
TvRab GTPases with considerable sequence variation.
4. Discussion
In this report are described the identification of a very large number of Rab
genes from the unicellular T. vaginalis; the size and diversity of the Rab repertoire in
this organism is extraordinary and unexpected (Table 1).  These data provide a major
challenge to the paradigm that Rab gene diversity is simply a result of tissue
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complexity [1] and suggest the presence of additional evolutionary drivers underlying
Trichomonas Rab family expansion.
Several lines of evidence suggest that the majority, if not all, of the identified
TvRabs are likely to be functional and regulate membrane trafficking.  As 45 TvRabs
were identified via both mRNA and genome approaches (Table S1) they are clearly
not a feature of library construction, i.e. arising through strain variation,
recombination or other means of increasing sequence diversity in an artefactual
manner. Moreover, the diversity between the TvRab protein sequences indicates they
are encoded by distinct genes and are not minor sequence variants (Fig. 1).  The
identification of complete ORFs for all of the TvRabs described here, combined with
their conserved sequence features (G-blocks and prenylation sites) also suggests
theses are unlikely to be pseudogenes. With the exception of TvRabX1, TvRabX6 and
TvRabX16 (Fig. S1), all the TvRabs are more similar to the Rab dataset than two of
the most divergent members of the Rab family, ScYpt11 and HsRab20, indicating that
the TvRab sequence diversity is contained within known functional Rab diversity.
Rab subfamily orthologues from diverse taxa share similar intracellular
locations and functions [1, 2].  Eukaryotes share a core set of Rab subfamily proteins
responsible for coordination of exocytosis and endocytosis and T. vaginalis also
performs these functions. The identification of Trichomonas orthologues of Rab1,
Rab5, Rab6, Rab7 and Rab11 indicates conservation of one important aspect of the
molecular machinery regulating exocytotic and endocytic pathways. Retention of
subfamily sequence motifs over the large evolutionary distance between T. vaginalis,
yeast and humans further extends published comparative studies [3] identifying
residues of likely functional importance as effector and/or regulator binding motifs
(Fig. 3, 4 and S2). Particularly well conserved are the Rab5 specific alanine in Switch
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I (TIGAAFL motif) and Switch II regions LAPM (Fig. 3 and S2). These sites
corresponds to two conformational determinants [39] modulating the structural
difference between Rab subfamilies, of which the former is conserved among Rab5
(A only) and other endocytic Rab (A/S), whereas exocytic Rab possess instead valine
or isoleucine [39] (see Rab5 and 7 versus Rab1 and 11 in Fig. 3). This also suggests
that TvRabC and TvRabD clade members are involved in endocytosis, whereas
TvRabA sequences (V or I) are involved in exocytosis (Fig. S2).
The T. vaginalis specific Rab subfamilies (A-F) cluster into separate clades
that are distinct from those defined by Rab sequences from other taxa (Fig. 1).
Distinct sequence conservation levels within each clade corresponding to contiguous
regions on the surface of the predicted proteins in subfamilies TvRab5, TvRabA,
TvRabC and TvRabD can be observed by mapping conserved motifs onto a human
Rab5a molecular structure (Fig. 4 and S2). The overlapping GAP and GDI binding
regions share areas of high conservation between subfamilies, suggesting similar
regulation mechanisms for these TvRabs (Fig. 4, Fig. S2). In contrast, the sites
corresponding to effector binding regions have important differences between the four
TvRab clades, with in particular a batch of negatively charged residues in the TvRabA
clade that is absent in the three other clades (Fig. 4 and S2). Differences between the
TvRab sequences corresponding to human Rab5a-rabaptin5 interactions sites (11
residues mainly in switch I/II region) [31](Table S2, Fig. S2), or Rab3a-rabphilin-3A
interactions sites (27 residues with 60% of them outside the switch domains) [40]
(Fig. S2), suggest that these four Trichomonas clades likely bind to different sets of
clade specific effector proteins.
What are the evolutionary drivers for Rab gene family expansion, and in T.
vaginalis in particular?  It is possible that the Rab gene family expansion correlates
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with intracellular membrane complexity.  Indeed, Tetrahymena thermophila, a
unicellular ciliate, demonstrates complex endomembrane organisation and has a
comparably large number of Rabs (21) for a unicellular organism (Table 1), although
not on the scale of T. vaginalis.  Membrane trafficking complexity may partly explain
TvRab gene proliferation and it will be interesting to see if further genome studies
reveal corresponding gene expansion of complicit proteins involved in orchestrating
membrane trafficking.  Trafficking complexity may be apparent in distinct life cycle
stages but little is known of the T. vaginalis life cycle [16].  However, T. vaginalis has
only one host (human) and is unlikely to equal the number of morphologies achieved
by Plasmodium falciparum, which has only 11 Rab genes [24].
  Interestingly, the unicellular organisms Entamoeba histolytica and
Dictyostelium discoideum also have large Rab gene families, with at least 105 and 54
Rab genes respectively [25, 26] (Table 1).  As for the taxa-specific expansions
observed in animals versus plants [3, 36], Trichomonas has expanded it Rab repertoire
independently from the two amoebozoa, to which it is unlikely to be closely related
[14]. Amoebozoa and T. vaginalis are phagocytic but phagocytosis per se does not
require Rab gene amplification as the phagocytic protozoan Giardia lamblia [41] only
has 8 Rabs and the number of metazoan Rabs dedicated to phagocytic pathways is
limited.  Although these three protozoa occupy drastically different ecological niches,
they all have the capacity to form amoebae [42, 43].  This intriguing parallel may
point to a role for a large Rab gene family in cellular transformation to amoebae.
Indeed, one Entamoeba Rab was recently shown to be involved in amoeboid
movement by localizing to the leading edge of motile amoeboid cells [42].  It will also
be interesting to compare the expression patterns TvRab genes between the
trophozoites and the amoeba form bound to host tissue, possibly involving the
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TvRabA and/or TvRabB in regulated secretion of pathogenic factors upon contact
[e.g. 17]. Since at least one Rab proteins was shown to directly interact with a
endocytosed protein cargo, Rab3a with the polymeric Ig receptor [44], and that we
observe a large set of Rab5-like sequences (TvRab5a-d, TvRabC1-9 and TvRabD1-8),
it would also be interesting to investigate if Trichomonas genome encodes a large
repertoire of surface proteins that could be binding different sets of the broad
TvRab5-like set. At any rate, it is likely that combinations of several evolutionary
drivers are responsible for the large T. vaginalis Rab gene family. Clearly,
comparative genomics and cell biology of Trichomonas and other protozoa should
give new and fascinating insights into Rab evolution and function and the molecular
basis of membrane trafficking. Furthermore the Trichomonas specific sets of Rab
clades identified here, clearly distinct from its host Rab repertoire, could also lead to
the identification of interesting drug targets [45] to be used to disrupt specific
membrane trafficking steps to control the parasite.
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Figure Legends
Figure 1. Phylogenetic relationships between Trichomonas, human, yeast, and
plant Rabs. The phylogenetic relationships between Trichomonas vaginalis (blue)
and a selection of representative Rab from Homo sapiens (black), Saccharomyces
cerevisiae (orange) and Arabidopsis thaliana (green) were investigated. The most
divergent T. vaginalis sequence, TvRabX6, was not included here because of its
instability within the Rab clade in all phylogenetic analyses, see Figure S1. The
shown phylogeny is a Bayesian consensus tree (see Material and methods for details
of method used). Known Rab subfamily clades with broad taxonomic distributions are
indicated (Rab1, 5, 6, 7 and 11, yellow shading) as are Trichomonas specific clades
(TvRabA-F, grey shading). All, but one, of these clades are supported by very high
posterior probabilities (PP) ranging between 0.94 and 1.00. The Rab5 clade is only
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weakly supported with a PP of 0.44. Branch lengths are a good reflection of sequence
divergence. The highly divergent human Rab20 and yeast Ypt11 are highlighted by
larger font. Notably all Trichomonas Rab fall within the range of sequence diversity
of other Rab proteins, see also text. The scale bar represents 10% sequence
divergence.
Figure 2. Phylogeny of T. vaginalis Rab1, Rab5, Rab6, Rab11 and Rab7
subfamilies. A subset of Rab protein sequences were analysed from Trichomonas
vaginalis (blue), Homo sapiens (black), Saccharomyces cerevisiae (orange),
Arabidopsis thaliana (green), Trypanosoma brucei (burgundy), Plasmodium
falciparum (purple) and Schizosaccharomyces pombe (pink). The Bayesian consensus
tree confirmed the subfamily assignment of the TvRab proteins (see Fig. 1 and S1)
and all are supported by maximum PP. The scale bar represents 10% sequence
divergence.
Figure 3. Sequence comparison of Trichomonas Rabs with subfamily orthologues
from other taxa.  Comparison of sequences from T. vaginalis (TvRab),
Saccharomyces cerevisiae (Ypts) and Homo sapiens (HsRab) of Rab subfamilies
Rab1, 5, 6, 7 and 11 (bracketed and divided by a blue line). G-domains (G1-G5
shown in blue) involved in GTP/GDP/Mg++ binding are indicated below the
alignment. The two conformational switch (I and II) regions [39] are boxed. All
shown Trichomonas Rabs retain C-terminal double cysteines important to
prenylation, highlighted in purple. Rab specific regions (RabF shown in green,
defined in [8]) are conserved in Trichomonas Rab. Rab subfamily specific regions
(RabSF shown in red, defined in [8]) show conservation of specific motifs highlighted
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in colour. Rab5 motifs highlighted in blue [37]. Residues identical in 60% or more
aligned sequences are highlighted black whilst similar residues (conservative
changes) are shown in grey.
Figure 4. Surface conservation of TvRab5, TvRabA, C and D clades. Each panel
shows a Rab structure or comparative model.  We choose a “front view” showing
most information about Rab partner binding surfaces as defined by the human Rab5-
rabaptin5 interaction [31]. A back view would be rotated relative to this by 180º about
a vertical axis (see text). The left column provides context, showing (i) the S.
Cerevisiae GDI binding surface on Ypt1 (top, PDB accession 1UKV) that greatly
with the GAP binding surface (HsRhoA PDB 10W3, not shown), (ii) position of the
TIGAAFL and LAPM motifs in human Rab5a (middle, PDB accession 1TU3)
mapping both switch I/II and effector binding sites (Fig. 3 and S2). Underlined
residues indicate five (among 11) that binds rabaptin5 [31] (see Fig. S2, Table S2 and
text).  The motifs are coloured cyan, except for two alanines (the one in LAPM is not
well exposed to the surface) that are discussed further in the text (green).  Red denotes
the GTP binding site within this transparent surface.  (iii) Also in the left hand
column, the surface polarity for human Rab5a is displayed (bottom, 1TU3).  All
surface polarity plots are made with contours/colours ranging from –3 kT/e (red) to
+3 kT/e (blue), with white indicating relatively non-polar regions; kT is thermal
energy and e is unit charge. In HsRab5a, TvRab5, TvRabC and TvRabD, the effector
binding region is overall less polar (surrounded by three positive hot spots, arrows in
HsRab5a, well conserved in TvRab5a) then the other parts of this face. The
corresponding region in TvRabA is characterised by a large negative patch absent in
the other sequences. Each of the four right hand columns (all within the green
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background) pertains to the noted TvRab clades.  Each column contains one plots of
sequence conservation within a clade, and one plot of surface polarity for a
comparative model of a representative from within that clade, all of these correspond
to the orientation shown for HsRab5a on the left column.  For the conservation plots,
100% identity within a TvRab clade is red, 50% identity is yellow and grey otherwise.
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                            RabSF1                 RabSF2      RabF1             RabF2       RabF3  RabF4     RabF5      RabSF3
                     ------            ----------------- -----             -----      ------  -----    ------     -----------                  
TvRab1a   MTA-----------NDYDYLFKVLIIGNSGVGKSCLLLRFAEDMFSDNYISTIGVDFKIRKIELDG-KSIKLQIWDTAGQERFRTITKSYYRGSNGIVVVYDITNRDSFEQVQHWMSEID 108
TvRab1b   MSTA-----------DFDLLFKVLLIGDSGTGKSCLLIRFAENIFSDNYISTIGVDFKIKTINVDG-KTIKMQVWDTAGQERFRTITASYYRGSNGIILVYDVTNRDSFDHINYWMKEID 108
Rab1 TvRab1c   MST-----------QDYDYLFKVIIIGDSGVGKSNILLRYTDDLFSNQFISTIGVDFRIHTIDVDD-KKVKMQIWDTEGQERFLAITRSYFGYSHVALIVYDKTNKESFEKVSFWMNELD 108
HsRab1a   MSSM---------NPEYDYLFKLLLIGDSGVGKSCLLLRFADDTYTESYISTIGVDFKIRTIELDG-KTIKLQIWDTAGQERFRTITSSYYRGAHGIIVVYDVTDQESFNNVKQWLQEID 110
ScYpt1    MNS------------EYDYLFKLLLIGNSGVGKSCLLLRFSDDTYTNDYISTIGVDFKIKTVELDG-KTVKLQIWDTAGQERFRTITSSYYRGSHGIIIVYDVTDQESFNGVKMWLQEID 107
TvRab5a   MLL---------AAGSNLKEAKVVMLGSTTVGKSSIVTMLTRGSFSESCASTIGAAFLSKTINLGD-QELKLQIWDTGGSERYRAMAPMYFQNANAAIIVYDITSSTSYNDVESWLKELR 110
TvRab5b   MKNR-----------EVCNTQKIVLLGAASAGKTSLVFRFAHDRFLPNSESTIGAAFVTKSVIINN-NEVKLEIWDTGGSEKYRSLAPMYYRDAAAAIIVFDVTTETSLDDAASWLDELK 108
Rab5 TvRab5c   MRQAK----------TGSRVEKIVLLGAQSSGKTSIVTRIQNNTFNANAGSTIGAAFTSKIMMVDD-TQVKLDIWDTAGSEKYKSLIPMYYRDARAAIIVLDVTREETIPAAVEWLNELR 109
TvRab5d   MNPR------------SIRSEKVVLIGSQGCGKTSIVLRYCKNVFSGTVGSTVGAAFNSKVVNYAG-HQIQLDIWDTAGSEKYRSLAPMYYRDARVAIIVVDITNKDSLSEADDWVKAVR 107
HsRab5a   MASRGATRPNGPNTGNKICQFKLVLLGESAVGKSSLVLRFVKGQFHEFQESTIGAAFLTQTVCLDD-TTVKFEIWDTAGQERYHSLAPMYYRGAQAAIVVYDITNEESFARAKNWVKELQ 119
ScYpt51   MNTS-------------VTSIKLVLLGEAAVGKSSIVLRFVSNDFAENKEPTIGAAFLTQRVTINE-HTVKFEIWDTAGQERFASLAPMYYRNAQAALVVYDVTKPQSFIKARHWVKELH 106
TvRab6a   MKNITS-----------TPFHKIIFIGDSSVGKTSIINQYIYNSCTPQYNSTIGIDYLSKIVNEAD-KPIQLQIWDTAGQEKFHSLIPAYIRSSTIAVLVYDITCKQSFDNIQTWYQMVI 108
Rab6 TvRab6b   MSTK----------------CKVVFLGSAGVGKTSLLNRLMTDEFSNQYNTTIGVDFFTKPVQVQG-RTVTLQIWDTAGQERFKSLMPSYIRDSSVAVIVYDVSDEKSFDEAQEWYETVM 103
HsRab6a’  MST-------GGDFGNPLRKFKLVFLGEQSVGKTSLITRFMYDSFDNTYQATIGIDFLSKTMYLED-RTIRLQLWDTAGQERFRSLIPSYIRDSAAAVVVYDITNVNSFQQTTKWIDDVR 112
ScYpt6    MSRS----------GKSLTKYKIVFLGEQGVGKTSLITRFMYDTFDDHYQATIGIDFLSKTMYLDD-KTIRLQLWDTAGQERFRSLIPSYIRDSRVAIIVYDITKRKSFEYIDKWIEDVK 109
TvRab7a   MASR------------GRQMLKLLLLGDASVGKTSLLNQFVNREFTSSYKATIGSDFSSKQLDVDG-HYVTLQIWDTAGQERFQSLGPTFYRGTDCCILVYDVTKPASFENIKKWRNEFS 107
TvRab7b   MS-----------QDAKTKTFKVVVLGDTGVGKTTLIHQFVNGEFIADFKATIGADFSSKIMTVDG-QRIYIQIWDTAGQERFHAVGATFYRGTDACILVYDCTQVESFHRLSFWREDLF 108
Rab7 TvRab7c   MASR------------ARTMLKVLFLGDTGAGKTCLLNQYVSREFSSDYKVTIGSDFTSKQVEIDG-KFVTLQIWDTAGQERFQSLGSTFFRGTDCLILVYDVTNAKSFENINKWKNDFV 107
HsRab7    MTS------------RKKVLLKVIILGDSGVGKTSLMNQYVNKKFSNQYKATIGADFLTKEVMVDD-RLVTMQIWDTAGQERFQSLGVAFYRGADCCVLVFDVTAPNTFKTLDSWRDEFL 107
ScYpt7p   MSS------------RKKNILKVIILGDSGVGKTSLMHRYVNDKYSQQYKATIGADFLTKEVTVDGDKVATMQVWDTAGQERFQSLGVAFYRGADCCVLVYDVTNASSFENIKSWRDEFL 108
TvRab11a  MEGS-----------EPDFLLKIVLIGDSGVGKTNLLSRFARDQFNPDSKSTIGVEFATKTLEIEG-KTVKAQIWDTAGQERYRAITSAYYRGAIGALLLYDITASLTFNSLSRWLQELR 108
Rab11 TvRab11b  MDTT-----------EPDYLLKIVLIGDSGVGKTNLLARFTRDQFNPESKSTIGVEFASKTMQIEG-KTIKAQIWDTAGQERYRAITSAYYRGAIGALLLYDITASLTFNSLEKWLKELR 108
HsRab11a  MGT---------RDDEYDYLFKVVLIGDSGVGKSNLLSRFTRNEFNLESKSTIGVEFATRSIQVDG-KTIKAQIWDTAGQERYRAITSAYYRGAVGALLVYDIAKHLTYENVERWLKELR 110
ScYpt31p  MSS-------EDYGYDYDLLFKIVLIGDSGVGKSNLLSRFTKNEFNMDSKSTIGVEFATRTLEIDG-KRIKAQIWDTAGQERYRAITSAYYRGAVGALIVYDISKSSSYENCNHWLSELR 112
                                    --------              -------                  --------
                                               G1                   G2                     G3
                                                              Switch I                RabSF4      Switch II
               ----------------                                                      -------------------------
TvRab1a   NHA----SQDVCRLLVGNKADLPD----RAVKTEEGEALARQF-GIPFMETSAKESLNVENMFITMATSMKKKVGGMAASGSSNGGQVT----------------IAKGQSVNQKSGCC    202
TvRab1b   RLA----APDVCRLIVGNKSDLSD---KRVVTTEEGQSLAQQY-GVSFLETSALGNANVEEMFTAMAKAMRKKQGATSGGENGGNAVPLKP----------------AKKVEGESGCAC    203
Rab1 TvRab1c   QKC----DKNLLRVIVGNKADLKE---LEYITEEQGKNLANQY-GCLFAETSAKEDIGIDEVFLLCAQTLVKRGINSNPLP----------------------IQIVSLPPGQKVGTCC    197
HsRab1a   RYA----SENVNKLLVGNKCDLTT---KKVVDYTTAKEFADSL-GIPFLETSAKNATNVEQSFMTMAAEIKKRMGPGATAGGAEKSNVK----------------IQSTPVKQSGGGCC    205
ScYpt1    RYA----TSTVLKLLVGNKCDLKD---KRVVEYDVAKEFADAN-KMPFLETSALDSTNVEDAFLTMARQIKESMSQQNLNETTQKKEDKGN------------VNLKGQSLTNTGGGCC    206
TvRab5a   EKG----PASIIIALAGNKSDLDQ---QRCVATEDAQSFAQKHGIPIFKETSALKGINIQEIFTDVAVAIARGAVSTAPAEQVTL---------------------TESNPKDKKKKCC    201
TvRab5b   KNG----PQEVFLALAANKTDLAS---IRKISSETIQDFANKNGIKIVYETSALTGSNVIQLFEDVTKQVDKFMAENPTLKRPSK---------------EVLDLLQGDDTPTKKSSCC    205
Rab5 TvRab5c   EHG----KQDCVVVCAANKVDLTS---QRVITSEQVADFAFSNQVSLYKETSALTGSGIQELFNETARLLIKLPAVESQEDTELK-------------------GLVGNLDTTNQPPPK    202
TvRab5d   EGG----RSDCAFVLAANKCDLED---KRQIKNEEINEFAFSHQIPYYRNTSSLTGEGITELFEAISDTLSKMTPLQSANSEIDN-----------------LLVGTNSNPPPSSGCNC    202
HsRab5a   RQA----SPNIVIALSGNKADLAN---KRAVDFQEAQSYADDN-SLLFMETSAKTSMNVNEIFMAIAKKLPKNEPQNPGANSARGRGVDLTEPT-----------------QPTRNQCCSN  215
ScYpt51   EQA----SKDIIIALVGNKIDMLQEGGERKVAREEGEKLAEEK-GLLFFETSAKTGENVNDVFLGIGEKIPLKTAEEQNSASNERESNNQ-RVDLNAAN---------DGTSANSACSC    210
TvRab6a   NN------AEPAFIIVGNKSDLDS---ERANSIEEGKKFANQI-NAKFIETSAITSENISQLFDIIIQIPIPVEEVAQEEKQVMITIPSDKMDTK---------------APQNNGCGC    202
Rab6 TvRab6b   HER----GNEAKCVLVGNKIDL-E----RRVDLKHVDDFAKPR-QMQTIETSAKTSSGVARLFKLISELAPDVTKIPQVYVLPIEPKPI---------------------EQNREGCQC    191
HsRab6a   TER----GSDVIIMLVGNKTDLAD---KRQVSIEEGERKAKEL-NVMFIETSAKAGYNVKQLFRRVAAALPGMESTQDRSREDMIDIKLEKP---------------QEQPVSEGGCSC    208
ScYpt6    NER---GDENVILCIVGNKSDLSD---ERQISTEEGEKKAKLLGAKIFMETSTKAGYNVKALFKKIAKSLPEFQNSESTPLDSENANSANQNKPGVIDI-------STAEEQEQSACQC    215
TvRab7a   LQLGLSNASDFPFLLLGNKSDLPD----KAVQPSAAREFAQMNGDMIFEEVSAKTAEGVQTAFEAIVRKALEKAPAQDFVLPQSVVNIEN-------------------KPAEKQGGCC    203
TvRab7b   TKSQMEPDPKFPIIIFSNKSDLES---QKQVNIEDARQWAEQN-GYPLFEVSAKSGANVQDGFLKIIEIYLANSKDPNNRPQITLKLTD---------------------TKQDKKPCC    202
Rab7 TvRab7c   RQLELKQDSNFPFLLLGNKCDIQN----KVVQASAAREYAQMN-GMIFHEVSAKTAEGVQTAFEEIVRKALENTHTDEFVLPQSVINIEK-------------------KQEEKNKSCC    202
HsRab7    IQASPRDPENFPFVVLGNKIDLE----NRQVATKRAQAWCYSKNNIPYFETSAKEAINVEQAFQTIARNALKQETEVELYNEFPEPIKLDKNDR---------------AKASAESCSC    207
ScYpt7p   VHANVNSPETFPFVILGNKIDAEE--SKKIVSEKSAQELAKSLGDIPLFLTSAKNAINVDTAFEEIARSALQQNQADTEAFEDDYNDAINIRLDG-----------------ENNSCSC    208
TvRab11a  ENA----DSNIVVMLVGNKSDLQE---LRAVSTEDGTGFSQQE-NLLFIETSARNATNVQEAFTTLITEIVHRLSKQNIVSPDSPAKVGPNKG--------VTITSTTADDKKKKNTCC    211
Rab11 TvRab11b  ENA----DEKIIVMLVGNKCDLSE---QRAVTSANALEFAKAQ-NLLFIETSAREATNVNEAFQTLICEIVNKLNKQNVAAEEKANVQETPRQ--------GVSITATKSPEEKKKGCC    211
HsRab11a  DHA----DSNIVIMLVGNKSDLRH---LRAVPTDEARAFAEKN-GLSFIETSALDSTNVEAAFQTILTEIYRIVSQKQMSDRRENDMSPSNN--------VVPIHVPPTTENKPKVQCCQNI 216
ScYpt31p  ENA----DDNVAVGLIGNKSDLAH---LRAVPTEESKTFAQEN-QLLFTETSALNSENVDKAFEELINTIYQKVSKHQMDLGDSSANGNANGASAPNGPTISLTPTPNENKKANGNNCC    223
                            ------                          -------
                                           G4                                                                         G5
TvRab5a              TvRabA1               TvRabC1 TvRabD1
   TvRab5  TvRabA              TvRabC              TvRabD
GDI footprint
Ypt1
HsRab5
Rabaptin effector footprint
polarity
HsRab5
TIGAAFL
LAPM
Table 1. Protozoans with amoeba forms show extraordinary Rab diversity. The number of Rab proteins encoded
by the genomes of a selection of taxa throughout the eukaryotic tree of life are shown, together with the capacity to
form amoeboid forms.
Species Number of Rab proteins Cellularity Amoeboid References
encoded in genome transformation
Trichomonas vaginalis  >651 unicellular + This study
Entamoeba histolytica 1052 unicellular + [26]
Dictyostelium discoideum   542 unicellular3 + [27]
Tetrahymena thermophila   21 unicellular - TIGR
Giardia lamblia    8 unicellular - [36]
Trypanosoma brucei   16 unicellular - [4]
Plasmodium falciparum   11 unicellular - [25]
Saccharomyces cerevisiae   11 unicellular - [3]
Schisosaccharomyces pombe      7 unicellular - [3]
Caenorhabditis elegans    29 multicellular +4 [3]
Drosophila melanogaster    29 multicellular +4 [3]
Arabidopsis thaliana    57 multicellular - [37]
Homo sapiens  ~60 multicellular +4 [3]
1GenBank accession numbers for the 65 T. vaginalis Rabs: AY896243-AY896292 and DQ019033-DQ019047
2According to the E. histolytica and D. discoideum proteome annotations available at the NCBI protein database.
3A portion of the life cycle is multicellular
4Some cell lineages only.
1Table S1. Identification of 65 distinct T. vaginalis Rab genes.  DNA encoding T. vaginalis Rab proteins with
significant BLAST scores to Rab sequences were identified from cDNA (EST or RACE clones) and from the
TIGR genome sequencing database.
Protein Data BLAST        % Identity to        C-terminus5 Accession
name1 source2 E-score3          RabF motif4 number6
Orthologues of taxonomically broadly distributed subfamilies (14)
1)  TvRab1a EG 3e-68 70 ..CC AY896289
2)  TvRab1b RG 4e-60 81 .C.C AY896243
3)  TvRab1c EG 6e-46 67 ..CC AY896244
4)  TvRab5a  G 9e-41 59 ..CC DQ019033
5)  TvRab5b  G 7e-41 59 ..CC DQ019034
6)  TvRab5c  G 8e-34 55 ..CC DQ019035
7)  TvRab5d  G 5e-32 48 .C.C DQ019036
8)  TvRab6a  G 1e-39 63 .C.C AY896245
9)  TvRab6b  G 3e-40 63 .C.C AY896246
10) TvRab7a EG 7e-52 70 ..CC AY896247
11) TvRab7b EG 3e-38 63 ..CC AY896248
12) TvRab7c  G 3e-51 67 ..CC AY896249
13) TvRab11a EG 1e-67 81 ..CC AY896250
14) TvRab11b  G   3e-65 81    ..CC DQ019037  
Orthologues of Trichomonas specific subfamilies (32)
15) TvRabA1 EG 3e-42 78 ..CC AY896251
16) TvRabA2 EG 3e-42 74 ..CC AY896252
17) TvRabA3 EG 5e-43 56 ..CC AY896253
18) TvRabA4 EG 3e-44 79 .C.C AY896254
19) TvRabA5 EG 2e-42 57 ..CC AY896255
20) TvRabA6 RG 3e-39 74 ..CC AY896256
21) TvRabB1 EG 8e-22 41 ..CC AY896257
22) TvRabB2 EG 2e-18  29 ..CC AY896258
223) TvRabB3 EG 1e-20 37 ..CC AY896259
24) TvRabB4 EG 2e-20 37 .CC. AY896260
25) TvRabC1 EG 1e-36 59 .C.C AY896261
26) TvRabC2 EG 6e-36 63 ..CC AY896262
27) TvRabC3 EG 2e-29 56 ..CC AY896263
28) TvRabC4 RG 1e-33 59 ..CC AY896264
29) TvRabC5  G 8e-36 63 .C.C DQ019038
30) TvRabC6  G 4e-36 55 .C.C DQ019039
31) TvRabC7  G 4e-35 55 ..CC DQ019040
32) TvRabC8  G 4e-31 55 SQKM DQ019041
33) TvRabC9  G 3e-34 55 ..CC DQ019042
34) TvRabD1 EG 1e-36 56 ..CC AY896265
35) TvRabD2 EG 3e-35  56 .C.C AY896266
36) TvRabD3 EG 8e-35  52 ..CC AY896267
37) TvRabD4 EG 6e-27 56 ..CC AY896290
38) TvRabD5  G 1e-39 59 ..CC DQ019043
39) TvRabD6  G 4e-34 52 .C.C DQ019044
40) TvRabD7  G 8e-34 44 ..CC DQ019045
41) TvRabD8  G 5e-33 48 ..CC DQ019046
42) TvRabE1 EG 2e-34 41 .C.C AY896268
43) TvRabE2  G 3e-39 44 ..CC AY896269
44) TvRabF1 RG 4e-35 37 .C.C AY896270
45) TvRabF2  G 4e-38 61 ..CC AY896271
46) TvRabF3  G 2e-37 41 ..CC AY896272
Trichomonas orphans (19)
47) TvRabX1 EG 2e-20 33 ..CC AY896273
48) TvRabX2 EG 4e-30 52 ..CC AY896274
49) TvRabX3 EG 7e-22 37 ..C. AY896275
50) TvRabX4 EG 4e-30 63 .C.C AY896276
51) TvRabX5 EG 6e-47 79 .CC. AY896277
52) TvRabX6 EG 3e-14    30 ..CC AY896278
53) TvRabX7 EG 4e-37  56 ..CC AY896291
54) TvRabX8 EG 1e-40  70 .CC. AY896279
355) TvRabX9 EG 4e-22 30 ..CC AY896280
56) TvRabX10 EG 6e-36 74 ..CC AY896281
57) TvRabX11 EG 1e-42 67 ..CC AY896282
58) TvRabX12 EG 5e-34 52 ..CC DQ019047
59) TvRabX13 EG 9e-31 56 ..CC AY896283
60) TvRabX14 EG 1e-26 41 ..CC AY896292
61) TvRabX15 EG 1e-31 52 ..CC AY896284
62) TvRabX16 RG 4e-25 33 ..CC AY896285
63) TvRabX17 RG 1e-29 56 .C.C AY896286
64) TvRabX18 RG 1e-29 37 .C.C AY896287
65) TvRabX19 RG 3e-23      52 ..CC AY896288
1TvRabn are named according to subfamily membership whereas TvRabXn could not be assigned to specific subfamilies
(see phylogenies in Figures 1, 2 and S1). This nomenclature is in accordance with the systematic and consistent naming
proposed by Pereira-Leal and Seabra (2001) [3].
2Three sources of DNA sequences provided Rab genes: EST (E), 5’RACE cloning (R) and genome data at TIGR (G).
3Top BLATP hits e-score obtained using the NCBI Blast server, in all cases the top hit was a Rab homologue. RPS-BLAST
(Reverse Position-Specific BLAST) [33] also recovered Rab PSSM (Position-Specific Score Matrix) as top hits (namely
cd00154 or smart00175) among the different Ras-like small GTPases PSSM (Ras, Sar, Rho, Ran, ARF).
4The Rab specific family motifs (RabF) are generally conserved in Trichomonas proteins. RabF motifs - total of 27 residues,
according to Pereira-Leal and Seabra 2001 [3]; RabF1: IGVDF, RabF2: KLQIW, RabF3: RFRSIT, RabF4: YYRGA and
RabF5: LVYDIT, at positions shown in Figure 3.
5All but two of the Trichomonas putative proteins have predicted characteristic Rab C-terminal double cysteine motifs, key
for Rab prenylation (including ..CC, .CC. or .C.C,; dot representing any amino acid). TvRabX3 has only one cysteine towards
the C-terminus whereas TvRabC8 has RASQKM as the last six residues.
6GenBank accession numbers.
Table S2. Comparison of the 11 residues demonstrated to be involved in HsRab5a-rabaptin5
binding with homologous sites from selected Rab sequences.
Sequence Binding Total no. of No. of non
name* residues (11) differences conservative
to HsRab5a changes to HsRab5a**
HsRab5a GAFLTWRYLMY - -
HsRab5b GAFLTWRYLMY 0 0
HsRab5c GAFLTWRYLMY 0 0
HsRab22a GAFMTWRFLMY 2 1
HsRab22b GAFMTWRFLMY 2 1
ScYpt51 GAFLTWRFLMY 1 1
ScYpt52 GAFLSWRYLMY 1 0
ScYpt53 GAFLTWRFLMY 1 1
TvRab5a GAFLSWRYMMY 2 0
TvRab5b GAFVTWKYLMY 2 0
TvRab5c GAFTSWKYLMY 3 1
TvRab5d GAFNSWKYLMY 3 1
TvRabC1 GAFLTWKFLMY 2 1
TvRabC5 GAFLTWKFLMY 2 1
TvRabC3 GAFLTWKFLMY 2 1
TvRabC4 GAFLTWKYLMY 1 0
TvRabC6 GAFHTWKYLMY 2 1
TvRabC2 GAFQNWQSLMY 4 3
TvRabC7 GAFQNWKFLMY 4 2
TvRabC8 GAFQNWKFLMY 4 2
TvRabC9 GALQEWKFLMY 5 3
TvRabD1 GAFVTWVYLMY 2 1
TvRabD2 GAFVTWVYLMY 2 1
TvRabD6 GAFVTWVYLMY 2 1
TvRabD3 GSFFTWVYLMY 2 1
TvRabD4 GAFVTWVYLMY 2 1
TvRabD5 GAFVTWVYLMY 2 1
TvRabD7 GAFVTWLYLMY 2 1
TvRabD8 GAFITWEYLMY 2 1
TvRabA1   GVFDSWRFIAY 6 2
TvRabA2   GVFIAWRFIAY 6 2
TvRabA3   GIYFTWRFIAY 6 2
TvRabA4   GVFDSWRFIAY 6 2
TvRabA5   GIYFTWRFIAY 6 2
TvRabA6   GVFKSWRFVAY 6 2
TvRabB1   APSCNWRFIMF 8 6
TvRabB2   APYSCWRYILF 8 6
TvRabB3   APSCSWRFIMF 8 6
TvRabB4  TPLSPWRYIVF 7 5
TvRabE1 AAFFQWEYLIY 5 3
TvRabE2 SAFFQWEYLIY 5 3
TvRabF1   QPLAQWRYLLF 7 4
TvRabF2   QAFFQWRFLMY 4 3
TvRabF3 QPFCQWRYLLF 6 5
*Hs: Homo sapiens, Sc: Saccharomyces cerevisiae, Tv: Trichomonas vaginalis
**Residue colouring indicates changes in relation to the HsRab5a positions (G54, A55, F57, L58, T59,
W74, R81, Y82, L85, M88, and Y89 - see [31]): yellow for identical residues, grey for conservative
changes and purple for non-conservative changes, according to the categories implemented in SEAVIEW
[29].
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Figure S1.  Trichomonas Rab proteins cluster with Rab homologues and segregate
from other small GTPases. The phylogenetic relationship of putative Trichomonas
vaginalis (blue) Rabs relative to Ras, Rho, Ran and Rab GTPase representatives from
Homo sapiens (black), Saccharomyces cerevisiae (orange) and Arabidopsis thaliana
(green) is shown. The shown tree is the consensus Bayesian tree recovered from an
alignment including 98 taxa and 161 amino acids with posterior probabilities (PP) shown
above the nodes. All putative Rab proteins from Trichomonas are part of a monophyletic
group (the Rab clade, which is indicated in grey shading) with representative Rab
sequences from human and yeast. When TvRabX11 is removed the PP for Rab
monophyly increases to 0.95 and when two additional Rab sequences are removed, the
highly divergent TvRabX6 and Ypt11, Rab monophyly is supported by PP of 0.99. The
scale bar represents 10% sequence divergence. The 45 TvRab that were also recovered as
cDNA (EST or RACE clones, see Table S1) are indicated with black dots.
HsRab3a           MASATDSRYG QKESSDQNFD YMFKILIIGN SSVGKTSFLF RYADDSFTPA FVSTVGIDFK VKTIYRND--
HsRab6a’          --------MS TGGDFGN-PL RKFKLVFLGE QSVGKTSLIT RFMYDSFDNT YQATIGIDFL SKTMYLED--
PfRab6            ---------- -MDEFQNSGL NKYKLVFLGE QAVGKTSIIT RFMYDTFDNN YQSTIGIDFL SKTLYLDE--
                                                                      Switch I
HsRab5a           --MASRGATR PNGPNTGNKI CQFKLVLLGE SAVGKSSLVL RFVKGQFHEF QESTIGAAFL TQTVCLDD--
HsRab5b           --MTSRSTAR PNGQPQASKI CQFKLVLLGE SAVGKSSLVL RFVKGQFHEY QESTIGAAFL TQSVCLDD--
HsRab5c           -MAGRGGAAR PNGPAAGNKI CQFKLVLLGE SAVGKSSLVL RFVKGQFHEY QESTIGAAFL TQTVCLDD--
HsRab22a          ---------- -------MAL RELKVCLLGD TGVGKSSIVW RFVEDSFDPN INPTIGASFM TKTVQYQN--
HsRab22b          ---------- -------MAI RELKVCLLGD TGVGKSSIVC RFVQDHFDHN ISPTIGASFM TKTVPCGN--
ScYpt51           ---------- -----MNTSV TSIKLVLLGE AAVGKSSIVL RFVSNDFAEN KEPTIGAAFL TQRVTINE--
ScYpt52           ---------- ---------M LQFKLVLLGD SSVGKSSIVH RFVKDTFDEL RESTIGAAFL SQSITIHPND
ScYpt53           ---------- MDKHTAAIPT LTIKVVLLGE SAVGKSSIVL RFVSDDFKES KEPTIGAAFL TKRITRDG--
TvRab5a           ---------- -MLLAAGSNL KEAKVVMLGS TTVGKSSIVT MLTRGSFSES CASTIGAAFL SKTINLGD--
TvRab5b           ---------- ---MKNREVC NTQKIVLLGA ASAGKTSLVF RFAHDRFLPN SESTIGAAFV TKSVIINN--
TvRab5c           ---------- --MRQAKTGS RVEKIVLLGA QSSGKTSIVT RIQNNTFNAN AGSTIGAAFT SKIMMVDD--
TvRab5d           ---------- ----MNPRSI RSEKVVLIGS QGCGKTSIVL RYCKNVFSGT VGSTVGAAFN SKVVNYAG--
TvRabC1           ---------- ---------M RSLKVVLVGD TKVGKSCVLS RFVQGTFDRN MPATIGAAFL TKVITTSS--
TvRabC5           ---------- ---------M HTLKVVIVGE TKVGKSCILS RFVQGSFDAS MPATIGAAFL TKVITTSE--
TvRabC3           ---------- ---------M QSLKVVIVGD TQVGKSCIGA RYTQGTFDGD TTPTIGAAFL TKVISTEK--
TvRabC4           ---------- ---------M RSLKAVLVGD TKVGKSCILS QFVQETYDKN MPATVGAAFL TKIVTTEA--
TvRabC6           ---------- ---------M RSLKAVLVGD TKVGKSCILS RFVQDSFDQN TPATVGAAFH TKIVHTDY--
TvRabC2           ---------- ---------- --MKIVLVGD TQVGKTCVLA RLINKEFKSD SQATIGAAFQ NYFLQTPA--
TvRabC7           ---------- ---------- --MKIVLVGD TQVGKTCLVK RLTSGTYTDN NPATIGAAFQ NCIIQTEH--
TvRabC8           ---------- ---------- --MKIVVIGE TQVGKTCLLR RLYANAFTNN IPQTIGAAFQ NYVIQTQK--
TvRabC9           ---------- ---------- --MKIVLVGD TQVGKTSIVT RLKKGRFAEN TTATVGAALQ EYVVQTET--
TvRabD1           ---------- -----MSTSA TSVKRVLLGD SGVGKTSIAT QYISGKAPQS VKPTIGAAFV TKSIVVDG--
TvRabD2           ---------- -------MNP EVVKVVLLGD SGVGKTSIIN RFMTGKYSES LKPTIGAAFV TKNVVVEG--
TvRabD6           ---------- ------MTSS PTVKVVLLGD SGVGKTSIVN RYTTGVVQLS VKPTIGAAFV TKEISVEG--
TvRabD3           ---------- -----MADQV TSIKIVLLGD SGVGKTSIVA QYVSGSTPDS IKPTVGSAFF TKEITMSG--
TvRabD4           ---------- -----MTDSG NAIKLVLLGD SGVGKTSIVT RYVSGSAPEN VNPTIGAAFV TKDVLIDG--
TvRabD5           ---------- -----MTDSG NAIKLVLLGD SGVGKTSIVT QYVSGSAPEN VNPTIGAAFV TKDVNIDG--
TvRabD7           ---------- -----MEDDE NAIKIVLLGD SGVGKTSIVS MFVSGAMPEV AAPTVGAAFV TKQFELNN--
TvRabD8           ---------- --------MS IPIKLVTLGE SGVGKTSVIN RYITGSFPES SKPTIGAAFI TKEVKFGN--
TvRabA1           ---------- ------MESS STFKFIIIGS SGVGKTALLR RLVENKFVHD QQSTIGVEFD STSIEVDD--
TvRabA2           ---------- --------MS GNYKFIVIGS SGVGKTAILK RLVDDVFTGE SQSTIGVEFI ATTIDVDG--
TvRabA3           ---------- -----MADQP IQFKFIVIGC SGAGKTSILR RLVENKFVKG TQSTVGIEYF THITTING--
TvRabA4           ---------- ------MSSV ISYKFIIVGA SGVGKTAILK RLVEDSFTEE SQSTIGVEFD STMLTIDG--
TvRabA5           ---------- -----MAESP LQFKFIVIGC SGAGKTSILR RLCEDKFNRG TQSTVGIEYF TYVTNIEN--
TvRabA6           ---------- ----MKSTIS QSFKIVVVGS SGVGKTAIVQ RLIDGTFREE GQSTVGVEFK SFICPLED—
                                      ^ ^^ ^     ^ ^^   ^     ^ ^^^^^^^^^^^^^^^^^^^ ^^^^^^^^
HsRab3a           ------KRIK LQIWDTAGQE RYRTITTAYY RGAMGFILMY DITNEESFNA VQDWSTQIKT YS-WDNAQVL
HsRab6a’          ------RTIR LQLWDTAGQE RFRSLIPSYI RDSAAAVVVY DITNVNSFQQ TTKWIDDVRT ER-GSDVIIM
PfRab6            ------GPVR LQLWDTAGQE RFRSLIPS-I RDSAAAIVVY DITNRQSFEN TTKWIQDILN ER-GKDVIIA
                                        Switch II
HsRab5a           ------TTVK FEIWDTAGQE RYHSLAPMYY RGAQAAIVVY DITNEESFAR AKNWVKELQR QA-SPNIVIA
HsRab5b           ------TTVK FEIWDTAGQE RYHSLAPMYY RGAQAAIVVY DITNQETFAR AKTWVKELQR QA-SPSIVIA
HsRab5c           ------TTVK FEIWDTAGQE RYHSLAPMYY RGAQAAIVVY DITNTDTFAR AKNWVKELQR QA-SPNIVIA
HsRab22a          ------ELHK FLIWDTAGQE RFRALAPMYY RGSAAAIIVY DITKEETFST LKNWVKELRQ HG-PPNIVVA
HsRab22b          ------ELHK FLIWDTAGQE RFHSLAPMYY RGSAAAVIVY DITKQDSFYT LKKWVKELKE HG-PENIVMA
ScYpt51           ------HTVK FEIWDTAGQE RFASLAPMYY RNAQAALVVY DVTKPQSFIK ARHWVKELHE QA-SKDIIIA
ScYpt52           GNETKDVVIK FEIWDTAGQE RYKSLAPMYY RNANAALVVY DITQEDSLQK ARNWVDELKN KVGDDDLVIY
ScYpt53           ------KVIK FEIWDTAGQE RFAPLAPMYY RNAQAALVVF DVTNEGSFYK AQNWVEELHE KV-GHDIVIA
TvRab5a           ------QELK LQIWDTGGSE RYRAMAPMYF QNANAAIIVY DITSSTSYND VESWLKELRE KG-PASIIIA
TvRab5b           ------NEVK LEIWDTGGSE KYRSLAPMYY RDAAAAIIVF DVTTETSLDD AASWLDELKK NG-PQEVFLA
TvRab5c           ------TQVK LDIWDTAGSE KYKSLIPMYY RDARAAIIVL DVTREETIPA AVEWLNELRE HG-KQDCVVV
TvRab5d           ------HQIQ LDIWDTAGSE KYRSLAPMYY RDARVAIIVV DITNKDSLSE ADDWVKAVRE GG-RSDCAFV
TvRabC1           ------GPVR LQLWDTAGQE KFRSLAPMYY RSSSVALMVY DVTQKESLDS LDDWASEIAD KA-PHNIKFV
TvRabC5           ------GPMR LQLWDTAGQE KFRSLAPMYY RSANVAVLVY DVTSKSSLES LEDWSAEIAD KA-PPGIKLV
TvRabC3           ------GSVR LQLWDTAGQE KFKSLAPMYN RSAGVVIIVY SITNKSSYDS AREWARDIRE KA-SPIAKIV
TvRabC4           ------GPIR LQLWDTAGQE KYRSLAPMYY RSAAAALLVY DVTSKSSLEN LRNWNQEICE KA-PAGITIF
TvRabC6           ------GPII LQLWDTAGQE KYRSLAPMYY RSAAAAILVY DVTNKQSFEN LQLWNQEIIE KA-PSGLAIF
TvRabC2           ------GFVQ LQIWDTAGQE QSRSLAPMYY RAASVAILFY DVTNLKSFQA LKDWMDELQE KA-PVQLQIV
TvRabC7           ------GNVS LQIWDTAGQE KFRALAPMYY RSASVAILCF DLTNPTSFNG LEQWAMELTE KA-SYTLKLV
TvRabC8           ------GKVE LQLWDTAGQE KFRSLTPMYY RLAAFAVICF DLTNKPSFEA LESWYTDIIE KG-PPRIQFV
TvRabC9           ------GSVT MQIWDTAGQE KFRTLAPMYY RTANVALIVY DITKSDTFRS LEIWTKELQD KG-PQGLRIC
TvRabD1           ------QPVE LLIWDTAGQE VYRGLAPMYY RSALIAIVVF DITRQQSYDS VSYWINELKA NA-DSRTIIV
TvRabD2           ------HNLE LRIWDTAGQE VYRGLAPMYY RSANIAIIVY DVTNQPSYES VDYWVGELKK NL-KNSSVIM
TvRabD6           ------KDYE LLIWDTAGQE VYRGLAPMYY RSAAIAIIVY DCIRPQTYQS VSYWIKELRM NV-DKNTVIV
TvRabD3           ------RPLE LLIWDTAGQE VYRGLAPMYY RSAKIAIIVF DITSAKSFES VSYWIKELTE NV-DGNLTIV
TvRabD4           ------QNLE LLIWDTAGQE VYRGLAPMYY RSALIAFIVY DVTKAESFDS VSYWIRELKT NV-EENIVIL
TvRabD5           ------QNLE LLIWDTAGQE VYRGLAPMYY RSALIAFIVY DVTKAETFDS VSYWIRELKT NV-EENIVIL
TvRabD7           ------NTFN LFIWDTAGQE LYRGLAPMYY RNASIAFIVF DISREVTFNS VAYWIEELRE NS-TEDVIIV
TvRabD8           ------ETYN LMIWDTAGQE EYRGLAPMYY RNASIAIVMF DIVSRPSFEA VDYWLKDLKD NA-GPDIGVL
TvRabA1           ------QVVK LQIWDTAGQE RFRSIAKAYF RNAVGVVLVF DVTERRTFDD VNMWLNDVHS LC-DPSARVI
TvRabA2           ------QSVK LQVWDTAGQE RFRSIAKAYF RSAIGVILVF DLTDRKSFED LNQWLNDVHS LC-DPNAVVT
TvRabA3           ------RTIK MMIWDTAGQE RFYTIAKAYF RSALGVVLVF DITDRKSFDQ LPRWLRDARM EA-DPHCSVI
TvRabA4           ------RKVK LQIWDTAGQE RFRSISKAYY RNAVGVILVF DLTERKTFED LSSWLYDVHT LC-DPNCVIQ
TvRabA5           ------KMVK MMIWDTAGQE RFYTIARAYF RNALGVILVY DITDRKSFDQ LPRWLRDARV EA-DPHCTVI
TvRabA6           ------QSVK LQIWDTAGQE RFKSVSKAYF RNAVGAILVY DITNETSFEE LSTWLNDLQA LC-NPNAYIL
                        ^^ ^  ^ ^   ^^^ ^^^^^ ^^^  ^^ ^         ^^^^  ^   ^^  ^  ^^ ^  ^^^
HsRab3a           LVGNKCDMED ---------- ---------- ERVVSSERGR QLADHL-GFE FFEASAKDNI NVKQTFERLV
HsRab6a’          LVGNKTDLAD ---------- ---------- KRQVSIEEGE RKAKEL-NVM FIETSAKAGY NVKQLFRRVA
PfRab6            LVGNKTDLGD ---------- ---------- LRKVTYEEGM QKAQEY-NTM FHETSAKAGH NIKVLFKKTA
HsRab5a           LSGNKADLAN ---------- ---------- KRAVDFQEAQ SYADDN-SLL FMETSAKTSM NVNEIFMAIA
HsRab5b           LAGNKADLAN ---------- ---------- KRMVEYEEAQ AYADDN-SLL FMETSAKTAM NVNDLFLAIA
HsRab5c           LAGNKADLAS ---------- ---------- KRAVEFQEAQ AYADDN-SLL FMETSAKTAM NVNEIFMAIA
HsRab22a          IAGNKCDLID ---------- ---------- VREVMERDAK DYADSI-HAI FVETSAKNAI NINELFIEIS
HsRab22b          IAGNKCDLSD ---------- ---------- IREVPLKDAK EYAESI-GAI VVETSAKNAI NIEELFQGIS
ScYpt51           LVGNKIDMLQ EGG------- ---------- ERKVAREEGE KLAEEK-GLL FFETSAKTGE NVNDVFLGIG
ScYpt52           LLGNKVDLCQ ETPSTETSPD SNEGGDEEQK VRAISTEEAK QYAQEQ-GLL FREVSAKTGE GVKEIFQDIG
ScYpt53           LVGNKMDLLN NDDEN----- ---------E NRAMKAPAVQ NLCERE-NLL YFEASAKTGE NIYQIFQTLG
TvRab5a           LAGNKSDLDQ ---------- ---------- QRCVATEDAQ SFAQKHGIPI FKETSALKGI NIQEIFTDVA
TvRab5b           LAANKTDLAS ---------- ---------- IRKISSETIQ DFANKNGIKI VYETSALTGS NVIQLFEDVT
TvRab5c           CAANKVDLTS ---------- ---------- QRVITSEQVA DFAFSNQVSL YKETSALTGS GIQELFNETA
TvRab5d           LAANKCDLED ---------- ---------- KRQIKNEEIN EFAFSHQIPY YRNTSSLTGE GITELFEAIS
TvRabC1           VIGNKCDMTE ---------- ---------- ERVISTEMGK NVAQQLGATL FGETSAKTGE GISEIFSKIA
TvRabC5           VIGNKIDMES ---------- ---------- ERVISTQAGK DAAAAMNAAL FGETSALTGV GINDIFAKIA
TvRabC3           LVANKIDLED ---------- ---------- ERVISTQDLN TMAAEIHADY AIEVSAKTNA GISALFTRIA
TvRabC4           VVGNKIDATD ---------- ---------- ERVVSSDAGR AMAQELGAAF YFETSAKTGE GINNLFNKVA
TvRabC6           IVGNKFDCIE ---------- ---------- ERVVSPAAGQ SSAHDLGASY FFEVSAKTGE GINSLFLKVA
TvRabC2           IVGNKCDLED ---------- ---------- -RVVSTTTAQ QFAKQNGAAF YCETSAKTGE GVLELFSEVA
TvRabC7           VVGNKKDLID ---------- ---------E RKVAFEAAND FAMK-HGAIF YTETSAKTGE SISELFYKIA
TvRabC8           IVGTKKDCQE ---------- ---------- DRVISFEEAM NFAESHGTAF YIETSAKTGE TFANYFYGLP
TvRabC9           IVGNKCDLAD ---------- ---------- ERAVQTTQGE DFAYAHQASY FAEVSAKSGD GIIRLFEKIA
TvRabD1           VCANKTDLED ---------- ---------- QRAVVEVTAQ EFAESH-GAL YAATSATTGS GIDRMFQMAV
TvRabD2           ICGNKADLYD ---------- ---------- DRVIHDSSAK DLAAAN-GAL YCETSASSGT GINQLFDMTI
TvRabD6           VCANKIDREE ---------- ---------- PKNPESEVAQ KFAFDN-GAL FIETSAISGI GIDRLFQMAV
TvRabD3           VCGNKTDLEE ---------- ---------- ARAVTPEIVQ RKIEQV-NAF YVETSATNGQ GIDRLFQLAI
TvRabD4           VCGNKVDLED ---------- ---------- KRTVEYQTAQ NMATEN-GAL YAEASATNGT GIERMFQVAI
TvRabD5           VCGNKVDLED ---------- ---------- KRTVEFQTAQ NMATEN-GAL YAETSATTGT GVSRMFQVAI
TvRabD7           IVGNKNDLE- ---------- ---------- -RNIDMAKCE QFATEH-KAI YCETSATTAT GIDRIFQLAI
TvRabD8           LCANKMDLQE ---------- ---------- DRFQGADFLE FS-KDH-NVV YVETSALTGE GIDLLFEQAI
TvRabA1           LVGNKTDLAD ---------- ---------- SRVIPVSEAE AYANHR-KLA YIETSARAGD NVKAVFTKLA
TvRabA2           LIGNKSDLVG ---------- ---------- QRAITQSEAE AFAAMH-SLT YLETSALGGD NVQEAFQRTA
TvRabA3           LVGNKSDLAA ---------- ---------- NRLVSKEEAE EFARTH-ELQ YIETSALDNN NIEETFIKTG
TvRabA4           LIGNKSDLAD ---------- ---------- NRVISLAEAD AFAQRN-HMH YLEASAKSGS CISEAFTRCA
TvRabA5           LVGNKCDLKD ---------- ---------- QRVVSEQEAK EFAAKN-ELT YIETSAANND NIQETFLEAG
TvRabA6           LVGNKGDLES ---------- ---------- QRQVGVQQAK DFAEQH-KLE YIETSALSGQ NVSESFTRLA
                      ^ ^^^^                       ^^^ ^^^^ ^ ^^ ^^^ ^ ^  ^    ^^^^ ^ ^^  ^^ ^
HsRab3a           DVICEKMSES LDTADPAV-- ---------- -----TGAKQ GPQLSDQQVP PHQDCAC-
HsRab6a’          AALPGMESTQ DRSREDMIDI KLEKP----- ---------- -----QEQPV SEGGCSC-
PfRab6            SKLPNLDNTN NNEANVVDIQ LTNN------ ---------- ---SNKNDKN MLSKCLC-
HsRab5a           KKLPKNEPQN PGANSARGRG VDLTEPT--- ---------- --------QP TRNQCCSN
HsRab5b           KKLPKSEPQN LGGAAGRSRG VDLHEQS--- ---------- --------QQ NKSQCCSN
HsRab5c           KKLPKNEPQN ATGAPGRNRG VDLQENNP-- ---------- ---------A SRSQCCSN
HsRab22a          RRIPSTDANL PSGGKGFKLR RQP------- ---------- --------SE PKRSCC--
HsRab22b          RQIPPLDPHE NGNNGTIKVE KPT------- ---------- --------MQ ASRRCC--
ScYpt51           EKIPLKTAEE QNSASNERES NNQ-RVDLNA AN-------- ------DGTS ANSACSC-
ScYpt52           EKLYDLKKDE ILSKQNRQIG GGNNGQVDIN LQRPS----- --------TN DPTSCCS-
ScYpt53           EKVPCPEQNT RQSSTHDRTI TDNQRIDLES TTV------- ------ESTR ETGGCNC-
TvRab5a           VAIARGAVST APAEQVTL-- ---------- ---------- ---TESNPKD KKKKCC--
TvRab5b           KQVDKFMAEN PTLKRPSK-- ---------- -------EVL DLLQGDDTPT KKSSCC--
TvRab5c           RLLIKLPAVE SQEDTELK-- ---------- -------GLV GNLDTTNQPP PKSGCC--
TvRab5d           DTLSKMTPLQ SANSEIDN-- ---------- ---------L LVGTNSNPPP SSGCNC--
TvRabC1           ELDINQEEII ETTTRVQN-- ---------- ---------- -----RNSNG EQGGCNC-
TvRabC5           EFDTMQDAVY EKPSDWKP-- ---------- ---------- -------TDN ESGGCSC-
TvRabC3           VLCEDGNNYM DKIGDQVI-- ---------- ---------- ------IPEQ SKGGCC--
TvRabC4           ETDIAHDTQI DKPVTKPV-- ---------- ---------- -----KPEGQ EGGGCC--
TvRabC6           ESDIQSDSPV ENERSNQL-- ---------- ---------- -----KDTSE NKGGCSC-
TvRabC2           QLNDATDTVS KKKESMQIPT ---------- ---------- ------ANDN NKKGCC--
TvRabC7           SHGQIESVYS PPPLEPAK-- ---------- ---------- --------PK ESGGCC--
TvRabC8           NYMRA----- ---------- ---------- ---------- ---------- --SQKM--
TvRabC9           TLNEVDNRVT TSEPIEI--- ---------- ---------- ----MALNQN NKSSCC--
TvRabD1           GKLMKDQAGE PVNQNGKQGG GVALRE---- ---------- -------EQN TKKGCC--
TvRabD2           SKMLKDNAVS ENGQEGGIDI KE-------- ---------- -------DKK KDKGCAC-
TvRabD6           LEYSRSAPEP VEPKAPNNNV NLE------- ---------- -----QSKED KGGCSC--
TvRabD3           QRQFSQKQEN QNQDEEKVDL NNTQD----- ---------- -------SNT KKKGCC--
TvRabD4           STLLKQRTPG PSPQPSVNL- ---------- ---------- ---QDGKSKK EKGGCC--
TvRabD5           STLLKQRVPG PPTQDGRVNL E--------- ---------- ---DGKKKDK EGKGCC--
TvRabD7           GEYERTQMNT STS-EIKADT V--------- ---------- --NISEKKKK EKTGCC--
TvRabD8           KLFIKNKNQP IPPNPGNQI- ---------- ---------- -----NNQQS QKSTCC--
TvRabA1           TEVYRSSAKD PSVNPKSITA T--------- ---------- ------GSTT EKSGCC--
TvRabA2           AEVYRRSLMK GDNKSAQPDV KKLD------ ---------- ------NKQG GEKKCC--
TvRabA3           ADLLRKVGTG EIAAAVTPPG SVQGSVTVTD ---------- -----SKDKG KKKNCC--
TvRabA4           TEIISKGLKA SNGNVDKTPL MPD------- ---------- -------SKK EDVCNC--
TvRabA5           RDLLKKVAAG TISGQKSATD GGHSVIIPD- ---------- ----PKTKNK KRNTCC--
TvRabA6           YGVATRVNNG QIQITSGAQK ASPFKVDE-- ---------- ----PPKQQQ SSGGCC—
                  ^^^^
Figure S2. Mapping of several functionally investigated Rab residues and structural domains on selected TvRab Rab5-like and TvRabA
sequences.
Experimentally established contact sites (highlighted in green) between human Rab5a and its effector rabaptin-5 [31] were mapped (in yellow)
on selected TvRab5-like and TvRabA sequences from Trichomonas, yeast (ypt51-52-53) and humans (Rab5b-c and Rab22a-b) – differences to
the HsRab5a are highlighted in grey. Three Rab sequences, not members of the Rab5 clade, are shown above the alignment for comparison,
including the human Rab3a, with contact sites to its effector raphilin-3A [40] highlighted in green. Also shown are the positions of
conformational switch regions I and II (boxed) [39]. The underlined motifs in HsRab5a (TIGAAFL, end of switch I and LAPM, within switch
II) are well conserved between Rab5-like sequences, with the latter being considered as a signature motif for Rab5 sequences [37]. Differences
to these two motifs are highlighted in purple in the other Rab5-like and TvRabA sequences. Also highlighted among the Rab5-like and TvRabA
sequences are the differences to HsRab5a-b-c within the conformational switch I and II regions - in grey, when not part of the TIGAAFL or
LAPM motifs. Surface accessible residues in the crystal of HsRab5 (PDB: 1tu3) are highlighted with blue arrowheads. The majority of the
residues in the switch I and II regions, and those located between these two regions, are exposed on the surface and correspond to residues
shown in Fig. 4.
